Herein we introduce software, Numericware i to compute a matrix consisting of all pairwise identical in state (IIS) coefficients from genotypic data. Since the emergence of high throughput technology for genotyping, calculating an IIS matrix between many pairs of entities has required large computer memory and lengthy processing times. Numericware i addresses these limitations with two algorithmic methods: multithreading and forward chopping. The multithreading feature allows computational routines to concurrently run on multiple CPU processors. The forward chopping addresses memory limitations by dividing the genotypic data into appropriately sized subsets. Numericware i allows researchers who need to estimate an IIS matrix for big genotypes to use typical laptop/desktop computers. For comparison with different software, we calculated genetic relationship matrices using Numericware i, SPAGeDi and TASSEL with the same small-sized data set. Numericware i measured kinship coefficients between zero and two, while the matrices from SPAGeDi and TASSEL produced different ranges of values, including negative values. The Pearson correlation coefficient between the matrices from Numericware i and TASSEL was high at 0.993, while SPAGeDi rarely showed correlation with Numericware i (0.088) and TASSEL (0.087). To compare the capacity with high dimensional data, we applied the three software to a simulated data set consisted of 500 entities by 1,000,000 SNPs. Numericware i spent 71 minutes using seven CPU cores on a laptop (DELL LATITUDE E6540), while SPAGeDi and TASSEL failed to start. Numericware i is freely available for Windows and Linux under CC-BY license at https://figshare.com/s/f100f33a8857131eb2db. Keywords: identical in state coefficient, identical in state matrix, inbreeding coefficient, kinship coefficient, numerator relationship matrix, Numericware i.
Introduction
The inbreeding coefficient, kinship coefficient, and identical by descent (IBC) coefficient are central parameters in population genetics (Cockerham and Weir, 1983) . By definition, the inbreeding coefficient refers to a proportion that a pair of alleles in an entity are identical by descent (Wright, 1922) , and the kinship coefficient between two entities is equal to twice of the inbreeding coefficient for their virtual offspring (Emik and Terrill, 1949) . The kinship coefficient is a conventional indicator to represent genetic relatedness among entities in a population, for which pedigree records are available. Emik and Terrill (1949) provided a systematic method for calculating a numerator relationship matrix (NRM) that displays kinship coefficients among every pair of entities in a population. Because their method uses pedigree records, the results are used to infer genetic relatedness from the genealogical perspective.
High throughput technologies for genomic assays provide abundant DNA profile. This can replace the pedigree records for measuring genetic relatedness. Some references (Bernardo, 2002) introduced a method for computing an identical in state matrix (IIS matrix). The IIS matrix ignores the genetic origin of the alleles, and is thoroughly based on allelic states throughout the genomes. For some applications, it may be more useful than the NRM. Although the concept about the IIS matrix is general, surprisingly the method is not widely used. The method for computing the IIS matrix is simple, but computing workloads are notoriously heavy. Therefore, obtaining an IIS matrix may require extensive data management and parallel computing techniques. In this paper, we present software, referred to as Numericware i, which will compute the IIS matrix using any set of processors available on typical laptop/desktop computers.
Identical in state coefficient
Given codominant marker data, the IIS coefficients can be obtained based on marker genotypes. The formula for computing the IIS coefficient is as follows: where I I S , = the identical in state coefficient between A and B; a1, a2 = a pair of alleles for A; b1, b2 = a pair of alleles for B; P(a1‫ؠ‬b1) = the probability that a1 and b1 are homozygous; P(a1‫ؠ‬b2) = the probability that a1 and b2 are homozygous; P(a2‫ؠ‬b1) = the probability that a2 and b1 are homozygous; P(a2‫ؠ‬b2) = the probability that a2 and b2 are homozygous.
As a counterpart of the kinship coefficient, the IIS coefficient ranges between zero and two. Like the kinship coefficient = twice the inbreeding coefficient, the IIS coefficient = twice the homozygote coefficient (HC). Thus, the HC can be calculated as follows (Bernardo, 2002) :
where C = the progeny of A and B;
H C େ = the homozygous coefficient for C; a1, a2 = a pair of alleles for A; b1, b2 = a pair of alleles for B; P(a1‫ؠ‬b1) = the probability that a1 and b1 are homozygous; P(a1‫ؠ‬b2) = the probability that a1 and b2 are homozygous; P(a2‫ؠ‬b1) = the probability that a2 and b1 are homozygous; P(a2‫ؠ‬b2) = the probability that a2 and b2 are homozygous.
Depending on the central limit theorem, greater numbers of markers provide better representation for the HC and IIS coefficients. As high throughput methods for obtaining DNA fingerprints are becoming cheaper, the dimensions of genotypic data sets are rapidly growing. The amount of computing workload can be represented as: According to Eq. 3, the growing dimension of genotypic data generates two computational challenges: (1) long computational times; (2) shortage of computer memory. This situation makes the computation of the IIS matrix challenging.
Functionality of Numericware i
Numericware i is written in C++. The software has a simple user interface, provides both high functionality and ease of use, and enables typical laptop/desktop computers to handle large genotypic data sets using all available system resources. The software provides two special functionalities: multithreading and forward chopping. The multithreading function enables the computer to distribute the workload into multiple CPU cores. Forward chopping is a method that chops a large size of genotypic data into multiple pieces that will not overextend memory allocations. The algorithm of the forward chopping method is as follows:
where IIS = the IIS coefficient; n = the number of chopped subsets; i = the loop variable referring to a chopped subset number; j = the loop variable referring to a locus within a chopped subset; k[i] = the number of loci in the i'th chopped subset;
= the IIS coefficient in the j'th locus within the i'th subset; N = the total number of loci.
Numericware i provides users with further conveniences:
(1) The IIS matrix computation for a haplotype: this procedure allows to compute the IIS matrix with a subset of genomic data.
(2) Genotypic data integrity checking: this procedure helps prevent a failure in the middle of analysis by checking the integrity of data at the beginning of work.
(3) Genotypic score summary: this provides users with an overview on genotypic scores.
(4) Supporting multiple data formats: this significantly reduces an extra work for formatting the input data. Numericware i accepts the following formats: alphanumeric, a pair of SNPs, and IUPAC.
(5) Inverting the IIS matrix: the inverted matrix can be directly applied to the best linear unbiased prediction (BLUP) procedure. As an inverting method, the Cholesky decomposition algorithm is implemented.
(6) Transposing the genotypic data.
(Eq.4) ) (Eq.3)
If missing genotypic scores are found, Numericware i skips the missing loci, assuming that the number of nonmissing allelic scores is sufficient to represent the genome in a large data set. Therefore, an imputation of missing data points is not required. , and the IIS coefficient between two entities represents twice the HC for their virtual offspring. These properties can help control homozygote level of new entities that will be produced in a breeding program.
Application of the IIS matrix
BLUP: the IIS matrix is superior to the NRM in practicing the BLUP for the following reasons. First, the IIS matrix is complete with coefficients for all pairs of genotypes. In contrast, the NRM includes an identity matrix for a base population. The identity matrix will result in an underestimation of kinship coefficients within the NRM. Second, the IIS matrix provides an objective measure about genetic relatedness that is limited only by the limitations of the marker technology, while the NRM utilizes statistical expectations for IBD. In order for BLUP to provide unbiased solutions caused by genetic relatedness, the IIS matrix can be used as an alternative to the NRM. Since genome wide association mapping (GWAS) and genomic prediction (GP) utilize BLUP methods, the IIS matrix can be used for these applications. The IIS matrix may be more useful for plant breeding than animal breeding since the pedigree records for plants are often unknown and imprecise (Bauer et al, 2006) . As Numericware i supports computing haplotype IIS matrix, incorporating a haplotype IIS matrix for a genomic region of interest into the BLUP is possible. Previous studies reported that the BLUP practices using genome-based relationship matrices outperformed those using the NRM (Colleau, 2002; Habier et al, 2007; VanRaden, 2008; Legarra et al, 2009; Endelman and Jannink, 2012; Müller et al, 2015) . The IIS matrix will be worth using for the BLUP.
Negative effect of marker screen to IIS matrix
Genotypic marker technologies often produce DNA markers that have been screened for frequencies of polymorphic alleles. Therefore, many markers might have been filtered out. Marker screening will create an ascertainment bias in the IIS matrix because the filtered non-polymorphic markers must also be informative in representing the genomic state among entities. Therefore, it is recommended that all markers be used for estimating the IIS matrix.
Similarity between IBD and IIS
Between the IIS matrix and NRM, the range of values is the same between zero and two, but the basic concepts are slightly different. If it is assured that any identical alleles from different entities were generated not independently but inherently, the IIS and IBD coefficients should be equal. We hypothetically assume that mutations mainly create genetic diversity, and that common mutations in a population mostly happened a single time, and were shared inherently since the probability that the same mutations coincidentally happened on the same spots of multiple entities might be extremely low. If this assumption is true, the IIS matrix can represent the true kinship matrix. Henderson (1975) suggested to plug the NRM into the BLUP for correcting a bias caused by genealogical relationship among entities in a population. Assuming that the kinship and IIS coefficients are very close, the precision of NRM can be substantially increased by replacing the identity matrix for the base population by the IIS matrix. Meanwhile, popular software, SPAGeDi (Hardy and Vekemans, 2002) and TASSEL (Bradbury et al, 2007) , implement different algorithms for calculating the genetic relationship matrix, causing their results to have different characteristics such as negative elemental values (SPAGeDi and TASSEL), or mono-diagonal values (SPAGeDi with zero). Thus, the resulting matrix from SPAGeDi and TASSEL cannot replace the identity matrix within the NRM. For comparison, we applied Numericware i, SPAGeDi, and TASSEL to the same data set in small size. Their output matrices are shown in Supplementary tables 1 to 3. Pearson correlation coefficients among the three tables (Table) indicate that the results from Numericware i and TASSEL are highly correlated at 0.992, while the result from SPAGeDi rarely shows correlation with the results from Numericware i (0.088) and TASSEL (0.087). This illustrates that the genetic relationship matrices from Numericware i and TASSEL are substantially comparable, while SPAGeDi is not.
Comparison of results from Numericware i, SPAGeDi, and TASSEL

Performance
In our test, Numericware i completed computing an IIS matrix with a simulated data set sized as 500 entities by 1,000,000 SNPs for 71 minutes using seven CPU cores on a laptop (DELL LATITUDE E6540). For this test, the whole data was chopped into three pieces to circumvent the memory limit of 8 GB, while SPAGeDi and TASSEL failed with the same data due to the limitation of memory.
Conclusion
The IIS matrix can be useful for versatile purposes, e.g. measuring the HC for an entity to itself; predicting the HCs for offspring; measuring the genetic relatedness among entities in a population; and practicing the BLUP. Thus, Numericware i can be an essential tool for breeding programs. The multithreading and forward chopping methods remarkably reduce the computing burden, reduce computing time, and allow the computation of extremely big data even with typical laptops or desktop computers. In contrast, analyses with other software are often limited by the physical memory size, and only a single CPU is supported. Furthermore, an easy-to-use interface minimizes users to refer to the user manual, and allows them to quickly get familiar with the software.
Availability
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